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Abstract

Coreference resolution is an advanced issue in natural language processing. Nowadays, due to the extension
of social networks, TV channels, news agencies, the Internet, etc. in human life, reading all the contents,
analyzing them, and finding a relation between them require time and cost.

In the present era, text analysis is performed using various natural language processing techniques, one
of the challenges in this field is the low accuracy in detecting name entities' reference, which detection
process has been named as coreference resolution. Coreference resolution is finding all expressions that
refer to a name entity, and two expressions are coreference together when these expressions located in the
same coreference cluster.
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Coreference resolution could be used in many natural language processing tasks such as question
answering, text summarization, machine translation, information extraction, etc.

Coreference resolution methods are into two main categories; machine learning and rule-based
approaches. In the rule-based approaches for detecting coreferences, a set of rich rule ordinary which
written by a specialist is execued. These methods are quick, but these are language-dependent and necessary
written to each language firstly again by a specialist. The machine learning method divides into supervised
and unsupervised methods, in a supervised approach, it is require to have data labeled by a specialist.

Coreference resolution included three main phases: named entities recognition, features extraction of
name entities, and analyzes the coreferences, in which the primary phase is feature extraction.

After corpus creation, name entities should be recognized in the corpus. This step depends on a corpus,
in some corpora entities named as golden data, in this paper, we used RCDAT corpus, which determined
name entities itself.

After the name entities recognition phase, the mention pairs are determined, and the features are
extracted. The proposed method uses two categories of the features: the first is word embedding vector, the
sccond is handerafted features, which are the distance between the mentions, hecad matching, gender
matching, etc.

This paper uscd a decp ncural network to train the features extracted, in the analyze corcferences phase
a Feed Forward Neural Network (FFNN) is trained by the candidate mention pairs (extracted features from
them) and their labels (coreference / non-coreference or 1/0) so that the trained FFNN assigns a probability
(between 0 and 1) to any given mention pair. Then used the graph technique with a threshold level to
determine different or compatible name entities in the coreference resolution cluster. This step creates the
graph by using the extracted mention pairs from the previous step. In this graph, nodes are the mention
pairs that are clustered by using the agglomerative hierarchical clustering algorithm inorder to locate
similar mention pairs in a group. The resulting clusters are considered as coreference resolution chains.

In this paper, RCDAT Persian language corpus is used for training the proposed coreference resolution
approach and for testing the Uppsala Persian language dataset which is used and in the calculation of the
accurate of system, different tools have been taken for features extraction which each of them effects on the
accuracy of the whole system. The corpora, tools, and methods used in the system are standard. They are
quite comparable to the ACE and Ontonotes corpora and tools used at the same time in the coreference
resolution algorithm. The results of the improvements proposed method (F1 = 62.09) is expressed in the text
of the paper.

Keywords: Coreference resolution, Deep neural networks, Graph, Named entities 2ecognition, Information
extraction.
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(Figure-1): corefrence resolution methods
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(Table-1): corefrence resolution method
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2 2.coref.txt 5 Lt N O L Lt - - - - - I-NP N-SING-COM
3 2.coref.txt 5 gylas N O gylas  gylas - - - - - I-NP AJ-COMP
) 2.coref.txt 5 J3as N o} J3as J3as Location(* 10(* 1(* Entity(* NO(* I-NP N-SING-CCM
N 2.coref.txt 5 o= N (o] o+> o+> Location¥) 10%) 1*) Entity¥) NO*) I-NP A J-COMP
D 2.coref.txt 5 4,5 P O 4,4 34 - - - - - B-PP P
D 2.coref.txt 5 i3y N O ,Lij3Ly  ,i3by  —(* 11(* 11(* Other (* NO(* B-NP N-SING-COM
9 2.coref.txt 5 ol3ls N O oi3ls oi3ls * * * * * I-NP N-PL-COM
\ 2.coref.txt 5 wlwl PUNC 0 wlul oLl —%) 11%) 11%) Other*) NO*) O  AJ-COMP
3 2.coref.txt 5 O3xan ADV O O3xan O3xan - - - - - B-ADVP ADV-EXM
o 2.coref.tXt 5 o N O  gapn gen —(* 13(* 13(* Other (* NO(* B-NP N-SING-COM
— 2.coref.txt 5 ‘ PUNC o] ‘ . w d d f f o] DELM
_3 2.coref.txt 5  oYsi N O Y33 oY * % % % % B-NP N-SING-COM
- 2.coref.txt 5 4 CONJ O 4 4 * * % % % B-CONJP CON
3 2.coref.txt 5 €, N O L& TSN * % % % % B-NP AJ-COMP
— 2.coref.txt S Sl 3la N o] Sl 3l Sl 3Lls iof iof iof * o I-NP N-PL-CCM
'_'\ 2.coref.txt 5 LGepns NO Gegay dGegrs —%) 13%) 13%) Other*) NO¥) I-NP AJ-COMP
3. 2.coref.txt 5 4, P O 43 43 - - - - - B-PP P
p 2.coref.txt 5 Gl N O gal ool —(* 14(* 13 (* Other (* NO(* B-NP AJ-COMP
2.coref.txt 5 La¥LS N O La¥LsS La¥LS  —¥%) 14%) 13%) Other*) NO¥) I-NP N-PL-COM
2.coref.txt 5 ‘ PUNC o] ‘ c = = = = = o] DELM
N 2.coref.txt 5 .5, N O ud) asy- - - - - B-NP N-SING-COM
2.coref.txt 5 golaidl VO  golaidl solmisl - - - - - I-NP AJ-COMP
. 2.coref.txt 5 o+> CONDET ©O Gz oz — = = = = I-NP V-SUB-NEG
T 2.coref.txt 5  Jals N O Juts dals s B B 5 5 JUNp N-SING-COM
2.coref.txt 5 Lol PUNC 0 Lot Lot - - - - - I-NP AJ-COMP
2.coref.txt 5 os,> N O as,» as,> - - - - - I-NP N-SING-COM
2.coref.txt 5 o—! PUNC o} o=l gl —(* 12(* 125w Other (* NO(* I-NP AJ-COMP
2.coref.txt S Layljo N o} Laiy by s iatyigls =v) 12W) 11%) Other*) NO¥) I-NP N-PL-CCM
2.coref.txt 5 dal 3 ¥ o} dal 3> dal 35 = = = = = B-VP V-AUX-FUT-POS
2.coref.txt 5 533V o] ) S ey S = = = = I-VP V-COP-PA-POS
2.coref.txt 5 PUNC o] . . = = = = = o] DELM

[1] jo dg5 90 )l 085 g (wd G o b 0, sbel 1 JLio (Y- JCi)
(Figure-3): an example of corpus files [1]
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(Table-3): Preprocessing tools accuracy in corpus |1]

A e Nxles G,
98 POS 1
70 NP-chunker 2
85 NER 3
98 Paragraph Splitter 4
98 Sentence Splitter 5
93 Tokenizer and Spellchecker 6
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word

The
Cardinals
w?ll g
win
the
world
series

word vector
The (0.12,0.23, 0.56)
Cardinals (0.24, 0.65, 0.72) sentence vector
will (0.38,0.42, 0.12)

0.28,0.33, 0.49
win (057.001.002) | = | )
the (0.58, 0.68, 0.91)
world (0.11,0.27, 0.45)
series (0.01, 0.05, 0.62)

132] ,1o 2 4 ¢t Jrod 51 o (P JS)
(Figurc-4): example of text to vector convertor
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(Table-4): features
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